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purpose  The  effect  on  incidence  of  decoupression  sickness  ^ 

It  moderate  altitudes  for  a  period  before  asce^ing  35.00° 

XTUB  investigated  for  the  purpose  of  providing  information  on  the 

following  questions* 

(1)  Does  "silent  bubble"  formation  in  the  b^ 
interfere  .Tith  denitrogenation.  and  if  so,  at  what  altitudes? 

(2)  would  flight  at  aodorato  altitudes  in  the 

niasro.  pro^’do  signlfiocu^t  protoction  d.ojpres..o= 

sickness  during  hi^  altitude  exposure  later  in  the  trip. 

ascent  to  35,000  foot  and  the  incidence  of  decompression 
7/as  comparod  with  controls,  on  the  s^^o  ra^. 

liters  T  p  )  por  minute  was  4.2,  *.6  and  3.5  a  »  +lv,e<r>n 

20,000  kot*and  27,500  foot  respectively.  Al^olar  nitrogen 
was  greatest  at  10,000  feet  and  least  at  27,500  feet. 

s^™;:s  s  f- « - u 

28^  by  levelling  off  for  on  nour  at  2^500  f^.et  prior 
35,000  feet. 

2.  It  is  concluded  that  while  considora.lo  protection  against 
decompression  sickness  is  provided  by  stepwise  ^ 

bubble"  fox-mation  at  27,500  feet,  aud  proeably  at  20,000  foot. 

reduces  this  pi'otoction 

,iocc»«.ondation.  1.  Iho  protection 

- by'lTip-t  at  8>'niptom-froo  altitudes,  and  the  effect  ol  siiene 
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fomation  in  dooroasinr;  this  protection,  should  be  censidorod  in 
planning  high  operational  flints, 

8. ^  It  is  ro commended  that  'further  work -bo  done  .on  tho  protootivo 
effect  of  short  periods  of  donitregonation  imaodiatoly  prior  to 
ascent. 
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Fli^t  at  modei-ato  altitudes  (or  prerisuro)  for  considerable 
periods,  prior  to  asoont  (or  dooonpression)  to  hi^  altitudes  may  occur 
under  two  conditions. 

1.  The  prospective  uso  of  pressurized  cabins  in  aircraft  and -the 
associated  danger  cf  puncture  of  these  introduces' a  situation 
■vi^ore  the  earlier  part  of  the  fli^t  may  be  made  at  a  jaodorato^ 
pressure  prior  to  rapid  doconprossion  to  the  low  pressure  of  hi^ 
altitude  if  puncture  occurs. 

2.  In  long  range  bombing  fliglits,  freedom  from  exposure  to  enemy 
action  during  the  earlier  portion  of  the  trip  may  permit,  lower 
flying  than  that  required  in  the  latter  part  of  the  mission. 

in  view  of  those  probabl;o  operational  conditions,  an  investigation 
into  the  effect  of  these  on  the  incidence  of  decompression  sickness  appeared 
Trarrontod. 

several  factors  might  be. expected  to  affect  the  incidence  of  decom¬ 
pression  siclmoss  under  the  oonditioixs  described  above. 

1.  ihe  sli^t  reduction  in  atii\o?pho.ric  pressure  during  the  early 
part  of  the  flight  might  in  itself,  by  donitrog.;natioh,  decrease  the  incidence 
of  docomprossion. sickness  on  subsequent  ascent  to  hi^cr  altitude. 

2.  If  oxygen  were  used  during  this  oarliur  part  of  the  fli^t 
the  denitregonation  process  vrovild  be  hastened. 

3.  The  formation  of  bubbles  in  tlie  body  at  altitudes  below  that 
at  which  syaptoms  occur,  mi^t  bo  expected ^  on  theoretical  grounds,  to 
retard  the  donitro go nation  process  locally.  Bubble  formation  is  -possible, 
although  very  improbable,  on  asoont  froia  sea  level  to  4,000  feet,-  since 
super  saturation  of  non-equilibrating  tissues*  vrt.th  gases., is  present  at  this 
altitude.  Sy-:*.p4o!ms  of  decompress  ion  sic3-:ncss  are  rarely  expericncod  below 
25,000  foot,  .^thougla  Evelyn  (1)  has  been  able  to  detect  free  gas  in  the 


Joints  radiologicalljr  follovTing  one  hour<s  exposure  to  altitudes  as  low  as 
20,000  foot,  in  general  it  appears  unlikwly  that  bubbles  arc  frequently 
formed  by  exposures  below  15,000  foot.  0-^  this  basis  any  possible  effect 
of  previously  forraod  bubolos  on  incidence  of  decompression  sickness  follovr-* 
ing  aseont  to  hi^  altitude  i^ould  be  expected  only  in  flights  whore  level¬ 
ling  off  occurred  above  15,000  feet,  prior  tc  ascent  to  the  final  higher 
altitude. 

4.  The  rapid  docroaso  in  pressure  which  may  occur  follovri.ng 
puncture  of  a  pressurized  aircraft  cabin  raay  influonco  tho.  incidenco  of 
dooonpression  sicJoiuss.  it  has  boon  found  that  practical  variations  in 
rates  of  ascent  (15  to  60  rainutes  from  sea  level  to  35,000  foot)  have  very  .  . 
little  offqct  oxcopt  that  tho  onset  of  sjaAptons  is  more  delayed  fallowing 
tho  moro  rapid  aseont  (2).  Hcfv/ovor,  no  systematic  work  has  been  roportod, 
on  tho  effect  of  the  rapid  decompressions  possible  in  pressure  cabin  puncture, 
upon  tho  incidonco  of  dccomprossion  sickness. 

Evelyn  (1)  states  that  lovolling  off  for  t;TO  hours  at  20,000  foot 
does  not  prevent  symptoms  on  subsequent  ascent  to  30,000  foot,  similarly  ho 
reports  that  lovolling  off  Cwt  30,000  foot  for  four  hours  does  not  prevent 
symptoms  on  subsequent  ascent  to  35,000  feet.  It  appears  possible,  that 
at  those  altitudes  (20,000  feet  and  30,000  fc^t)  '‘sliont  bubble^  formation 
may  have  interfered  with  donitrogenation.  The  oxj'gon  flov/s  omployod  at 
20,000  foot  and  30,000  fuet  "  ere  not  stated,  in  tliis  connection  it  raust 
bo  noted  that  Evelyn »s  v/ork  rras  carri^^d  cut  at  900  feet  above  sea  luvol 
whereas  Clinical  investigation  unit  is  1900  foot  above  son  level. 

Iho  present  investigation,  because  of  the  rapid  aseont  omployod, 
simulates  conditions  in  a  slov/ly  lealcing  pressurized  aircraft,  although  the 
results  a^ro  also  bcliovod  to  bo  applicable  to  high  flights  vdiich  are  pro- 
codod  by  periods  at  a  Icn^rcr  altitude,  as  described  above. 

k^TFpDS 

in  this  investigation  the  effect  of  levelling  off  at  10,000  feet 
and  20,000  foot  Vvns  first  studied  coid  compared  with  a  sot  of  control  flights. 
Because  of  the  results  obtained  the  investigation  was  extondod  to  include 
a  study  of  tho  of  foot  of  lovolling  off  at  27,500  foot  by  comparison  v/ith 
another  sot  of  controls. 

Thirt3^thrco  mon  v/cro  used  as  subjects  iri  this  study.  !l5iey  v/oro 
soloctod  for  taeir  high  susccptibilitjr  to  decompression  sickness  from  275 
prospective  aircrow.  jUnroo  hundred 'and  sixty  iruru:- runs,  including  controls, 
wore  nado  during  tho  series. 

In  control  runs  tho  standard  rate  of  aseont  v;as  omployod,  followed  - 
bjr  a  two-hour  stay  at  35,000  feet.  •  in  tho  .cxperiiAontal  runs  aseont  was  mado 
at  the  standard  rate  up  to  either  10,000  feet,  20,000  foot  or  27,500  feet, 
which  altitude /iras  iiiaiatained  constant  for  an  hour.'  Following  this,  aseont 
to  35,000  foot  vms  mr.de  at  iiiaximal  rate,  this  altitude  being  maintednod  for* 
tv/o  hours.  Tho  standard  rate  of  ascent,  cs  used  in  this  and  most  Canadian  • 
work,  is  2,000  feet  nor  niiiuto  to  20,000  feet;  1,000  foot  per  minute  frpm 
20,000  to  30,000  feot,  and  500  foot  per  minute  above  30,000  foot.  The  . times 


required  for  ascent  to  35,000  feet  £'ollowiu._,  the  cns  hour  stay  at  10,000 
fdet,  20,000  feet  and  27,500  feet  isrere  riinutes,  2  minutes  and  1  minute 
respectively. 

The  R4C.A,?,  o::ygen  asseiihly  (reservoir  t^'pe )  ^ms  used  throu^out  • 
the  runs,  except  for  a  few  of  the  fii'st  flights  in  , which  the  oronaehl  ^cthby 
mask  was  used,  due  to  unavailability  of  tlie  forEier,  During  the  one-hour 
stay  at  10,000  feet,  20,000  feet  and  27,500  feet  the  oxygen  flows  supplied 
per  minute  were  4,2  liters  (IT.T.P,  )#  2»6  liters  (Si.T.r, )  and  &,5  liters 
(n,T.P, )  respectively,  while  at  35,000  foet  the  flow  used  was  4,5  liters 
(N,T,P,)  per  minute.  The  high  o:c3’-gen  flow  during  the  stays  at  10,000  feet 
was  designed  to  reduce  the  alveolar  nitrogen  tension  to  approximately  that 
present  during  the  flights  at  20,000  feet,  thvis  ninii;\izing  the  variation 
in  rates  of  deni trogenat ion  and  limiting  the  variables  between  the  two 
types  of  runs  to  that  of  altitude,  it  was  believed  that  the  oxygen  supply 
at  27,500  feet  v/ould  lovrer  the  nitrogen  tension  f^ji’ther  than  that  at  10,000 
feet  or  20,000  feet.  Subsequent  to  the  series  of  flints  actual  eJLveolar 
nitrogen  determiJiations,  using  those  oxygon  flows,  were  made  on  sevei^l  non 
at  each  of  the  throe  altitudes  and  gave- results  sanowhat  different  iiian 
eaqpocted.  The  alveolar  nitrogen  tensions  found  in  a  very  oo-opeirativo 
subject  of  average  size  were  205  im:\*  Eg,,  114  1x1,  and  81  mm*  Hg»»  U'b 

10,000  feet,  20,000  feet  and  27,500  feet  respectively,  Ihese  values  aro 
probably  not  at  all  representative  of  tho  absolute  nitrogen  tensions  iidiioh 
actually  occurred  during  the  flights  in  "Uie  33  men.  Such  values  must 
necessarily  vary  with  the  depth  and  rate  of  respiration,  with  each  mask, 
each  Heidbrink  orifice  and  with  tho  degree  of  oo-oporation  of  the  subject. 

It  is  believed  ho\-/over  tiiat  tho  values  above  do  indicate  the  relative 
alveolar  nitrogen  tensions  vrhich  ocourred  at  those  altitudes  and  give  a  very 
approxiiTiate  estimate  of  the  absolute  tensions  vrhich  were  present  during 
the  flights. 

The  incidence  of  decomprossion  sickness  at  35,000  foot,  following 
one  hour  stays  at  10,000  feet  and  at  20,000  feot  wore  compared  with  the 
same  sot  of  controls  and  with  each  other.  This  was  made  possible  by  carry¬ 
ing  out  the  throe  types  of  runs  in  rotation,-  These  wore  done  in  a  total 
of  187  man- runs  on  22  of  the  men,  and  dxuring  most  of  the  work  tho  runs 
were  made  daily,  so  that  a  control,  a  10,000  foot  stepwise  ascent  inin,  and 
a  20,000  feot  stepwise  ascent  run  wore  each  carried  out  every  third  day, 
in  a  few  oases  the  rxms  were  made  at  two  day  intervals,  other  types  of 
runs  being  taken  in  the  inteinrcning  days;  the  rotation  described  above  v/’as 
maintained,  however.  This  rotation  was  adlicred  to  in  order  to  insure  a 
more  reliable  comparison  amongst  tho  tlirce  types  of  runs,  by  avoiding  errors 
due  to  acclimatization,  or  to  natural  changes  in  resistance,  (Soe  Appendix 
B  for  actual  dates  of  tho  runs). 

The  flints  which  included  a  one-hour  stay  at  27,500  foet,  Y.'oro 
carried  out  lator  than  those  at  10,000  feet  ai\d  20,000  fe<^t,  and  vroro  mado 
along  with  a  separate  set  of  ocsntrols,  This  group  of  runs  was  carried  out 
on  22  of  the  men  during  two  periods  of  7  ord  10  consecutive  days,  in  a  total 
of  173  man-runs.  Controls  were  made  on  the  first,  fourth,  seventh  and  tenth 
days,  (Soe  Appendix  c  for  actual  dates). 

The  men  recorded  their  ovm  sj-raptoms  in  th^  ohombor,  Theso  were 
reported  as  mild,  nodorato  and  severe  and  scored  according  to  the  technique 
described  in  Appendix  A,  a  technique  wiriich  has  boon  adopted  tentatively  by 
this  unit. 
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..  .  ■,  . 

Ts.blc  I  Bhov.’3  that  the  c.-7^ra^<..  syrapton:  scores  follovdng  the 
one-hour  stajrs  at  10,000  and  20,000  Toot  -.ro  reduced  to  Z^,  and  Z7%  res¬ 
pectively  of  the  average  control  scoro.  it  vill  bo  seen  that  tlioso  percen¬ 
tages  ere  in  approximately  the  stoie  ratio  as  ttio  pcrccnta  ;.o  of  runs  v;ith 
symptoms  of  nioderato  or  sovwre  degree  v/hioli  'vrc.s  reduced  froei  46^  in  controls 
to '20^  and  12^5  in  tho  20,000  foot  and  10,^000  foot  flights  respectively, 
/jaongst  the  average  control  scores  there  arc  nine  values  over  SOO,  ■whereas 
■tiiore  is .  onlj';  one  in  tho  20,000  foot  fli.dits,  and  none  JLn  'tho  10,000.  fjee.t 
r^ns.  :  . 

Table  II  shov'irs  tho  comparison  boti/ocn  tho  scores  of  control  runs 
and  those  follwing  one-hour  stays  at  27, ,500  feet,  it  will  be  Seen  that 
tho^  syxiptcan  score  in  'th'e  27,500  foot  fli^its  is  reduced  to  73^  of  that  of 
tho  centrols,  Again  those  percentages  are  in  approxin  ^^clj''  'the  ^osio  ratio 
as  .‘the  percentage-  of  runs  vri'fcii  symptoms  of  moderate  or  soTrore  degroo,  '.7hich 
was  reduced,  from  40^  in  controls  to  28^  in  the  27,5C)0  foot  flights. 


of  Pne-TTour  Stays  sit.  20,000  Feot’and  10, 


Controls-2  Hours  I  One  Hour  at  20,000  Ft. 


AvGrage  2  T Average 

Syn^tcm «  Of  I  Sj^ptoin. 

Score  jj  Flig^its  .  j  score 


Sj^pton 


TOTALS  _  ^  65 
Average 
score 
of  control 


Score 

100 

Runs  ■kith 

Ko  Syn^itoms 

35;' 

Rune  I7ith  Mild 

3i'r?)tom5  C^y, 

20;; 

Runs  with  Moderate 

or  severe  SyaptoKis 

45;; 

1  One  Hour  at 
.1  jwo  Hours  at 

10,000  Ft. 

35 >  OOO  Ft • 

1  NumTjer 

1 :  of 

1  ;  Flights • 

•Average 

SyMpton 

Score 

V' 

i.  i  0  . 

■l - 1~- 

-7 1)' 

■  0 

2 

..."  0 

!  2 

■  40 

i  .  " 

.  b 

L^J _ , 

0. 

t _ A  J 

66 

}  •  ^  ■ 

,  0 

i_'  ® 

202 

2T7 

1  '~3 

23 

r~  3 
g~~  s‘ 

280 

.  ^31 

1  ‘'3 

23"  ■ 

1  3 

90 . 

3 

0 

.  3 

0 

3 

0 

1  ^  ^ 

86 

j  3 

238 

m 

71% 


_ ^2^ _ 

1 


•6' 


TABLE  II 

Sffocl;  of  0n6“Four  ptavs  ’’7  poo  «  j. 

I - H^et  on  S;>''nptom  scores 

»vo  :.c277sboTi-„r-| 


sCooo^ot 

subject  ’^°''  's^ptSi' 

score _ I  '  nishts-  V,  ^oro'  '. 

_  12  I  3  [  25^‘  5  4  r*' - Q^' — 

’Yds”'’ 


0 


Average 

Symptan 

Scoro 


PIS  cuss  lOT-. 

Either  or  both  the  factors  of  doi'iitrog^tion  and  ra,t^^  of,  ascent 
must  be  responsible  for  the  difference  between  the  control  scpres  and  those 
following  preliminary  stays  at  10,000  feet*  Rapid  rate  of  ascent  is  generally 
regarded  as  likely  to  increase  symptcmc  of ‘decompression  sickness.  Althou^ 
Tariations  in  practical  rates  of .  ascent  (IS,  to  60  ii^inutes  to  35,000  fec-t) 
result  in  210  changes  in  incidence  (2);  a  systpraatio  •, study  of  the  effect  of 
the  rapid  ascents  used  in  this  investigT^tion.  ha®  l^en  mde,  to  the 
writer* s  knowledge*  Xt  is  assumed  tentatively  that  the  marked  reduction 
in  syinptoras  follovring  rapid  ascent  to  35,000  feet,  si-bsequent  to  the  ojaft- 
hour  stays  at  10,000  feet,  is  due  to  denit rogenat ion.  The  definite,  al¬ 

though  somewhat  less  marked,  reduction  in  sjm^ptoms .  following  the  one-hour 
stays  at  20,000  feet  is  likewise  ac^^jmed  to  be  due  to  the  same  cause. 

Although  it  is  likely  that  general  denitrcgenatipn.  at  20,000  feet  was  greater 
than  at  10,000  feet  (see  methods;^  spaptoms  were  more'  frequent  following 
flif'^ht  at  the  former  altitude,  it  is  possible,  l^iat  this  difference  in  in¬ 
cidence,  vhioh  is  of  doubtful  significance,  is' produced  by  .bubble  formation 
during  the  stay  at  20,000  feet.  .Such  bubble  formation. besides  interfering 
with  local  denitrogonation  (as  described  in  the  introduction)  may  pcinait 
earlier  onset  of  symptcans  (2),  and  thus  increase  incidence  as  observed  dur¬ 
ing  a  two-hour,  period.  Again  if  rapid  ascent,  per ^se,  decreases  incidence, 
then  this  effect  vrould  be  groator  in  the  10,000  feet  runs. 


The  reduction  in  symptoms  in  the  flights  at  27,500  feet  was  small 
and  much  less  than  that  folloi'v’ing.  the  stays  at  10,000  feet  and  20,000  feet. 
Since  the  alveolar  nitrogen  t^jnsion  vras  lowest  in  the  27,500  feet  flights, 
it  must  bo  concluded  that  tho  high  average  symptom  score  in  these  flints 
as  conparod  to  that  in  the  10,000  feet  and  20,000  foot  flights  v^as  caused 
by  bubble  formation  and  thus,  intorforanco  with  denitrogonation* 

Although  tho  diff'orcnce,  bcti’'^ecn  the.  reduction  of  s;ariptoms  in  the 
10,000  feet ‘.and  20,000  foot  flints  is  sli^^t,  it  assumes  more  importance 
v/hen  considered  in  conjunction  "Vvith  the  fact  that  the  alveolar  nitrogen  ten¬ 
sions  -.7ero: greater  in  the  1C, 000. feet  flints,  in  other  words  it^appoars. 
likely  thatVibble  formation  at  20,000  foot  has  definitely  interfered  with 
denitrogenation.  .  ,  . 

These  results  appear  to  be  of  significance;  in  pressurized  caoin  . 
flij^t.  They  sho^v  that  considerable  protection  against  decompression  sick¬ 
ness  at  35,000  feet  is  provided  by  previous  flig^bt  for  one  hour  at  20,000 
feot  with  standard  ojeygen  supply,  irhis  protection  is  somewhat  greater  if 
the  previous  flight  is  made  at  10,000  foot  witn  considerable  artificial 
oxygon  supply  and  is  much  loss  if  m^dc  at  27,oOO  feot  with  very  hi^  oxygon 
supply.  Therefore,  i2i  order  to  rrdnimize  tho  cjiancos  of  decompression  sick¬ 
ness  follov/'ing  pressure  cabin  puncture j  the  cabin  should  be  pressurized  to 
at  least  20,000  foot  and  to  a  lovrer  altitude  if  increased  oxygen  can 
supplied.  The  interference  of  bubble  fomation  v;ith  denitrogenation  is  thus 
apparently  avoided. 

The  results  may  bo  of  greater  interest  in  connection  with  long 
bombing  flights  in  which  it  is  possible  to  fly  at  a  moderate  altitude  somo 
considerable  period  prior  to  ascent  to  high  altitude.  circur;istancos  such 
as  thi'j  presence  of  a  strong  filter  escort,  absence  of  anti-aircraft  fire. 
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or  over  oontrollod  ivators  permit  this  procedure.  The  only 

applicable  to. this  situation  is  the 
r^pld  rate  of  as conf  employed ^  is  believed,  hov/eyor,  that  this  is  of 

minor.^ntporbaned.  •'  ■ 

in  gonctal,  ocophasizc  .the  value  of  short  periods  of  ' 
donit^ofjOaatipn  in  providing  protection  froni  decompression  sickness.  Since 
one  nour  at  10,000  feet  vith  considerable  nitrogen  tension  reduced  the  symp- 
can.  score  to  26^  of  that  of  .oontrclis  it  is  reasonable  to  conclude  that  100<>5 
iSci?  altitude  or  at.Jground  level  might  provide  oven  better  prophy- 

•*•*••*  . 

-.1^  should  be  emphasized  that  the  33  men  used  in  this  studv  vrere 
chosen  for  l^eir  high  susceptibility  from  about '275  aircrew  trainee^  The 
protection  provided  by  sudi  denitrogJnation,  at  20,000  feet  applied  to  men 
T^o  develop  symptoms. only  occasionally,  might  bo  quite  complete,  since  it 
IS  believed  these  men  donitrogcnr.to  faster  por  example,  the  procedure  would 
bo  cspocted  to  give  complete  protootion  to  men l/hb  arc  at  present  being 
S(>  ec  0  iu  the  H.C.A.F*  for  thoir  high  rosistcoico  to*docomprGssion  sickness* 

•tr,  ^  Jio  Induction  in  syrniptom  score  follovrihg  the  one-hour  stays  ab 
1(,,000  feet,  viz.  to  26*?  of  that  qf  controls,  is  similar  to  that  obteined 

Maiming  (3)  and  Gibson  (4)  who  obtained  reductions  to  Zl%  and 
%  rcwpco  ivoly  oi  that  of  controls  in  their  procedure,  apolying  the  same 
scoring  technique.  The  procedure  employed  by  those  workorsNvas  the  inhalation 
of  approximately  pure  oxygon  for  8  hours  follo^fod' by. 5  hours  exposure  to  air 
prior,  to  ascent  to  35,000  foot. 

SmmRY  AIE>  CONCLUSIOMS 

ii •  Thirty-threo  men  in  a  total  of  360  mdn-runs  were  given  one-hour 

li^ts  at  10,000,  20,000  or  27,500  feet  prior  to  rapid  ascent  to  35,000 
e  and  the  incidence  of  decompression  sickness  was  compared  with  that  of 
controls.  The  oxj^gon  supply  in  liters  .(it.t.F.)  per  minute  ivas  4.2,  2.6, 

3.5  and  4.5  at  10,000,  20,000,  27,500  and  35,000  feet  respectively. 

2.  The  incidence  of  decompression  sickness  as  represented  by  an  aver- 

reduced  to  26%,  Z7%  and  73*?  of  that  of  controls,  by 
levelling  off  for  an  hour  at  10,00o:  feet,  20,000.  foot  and  27,500  feet  res¬ 
pectively,  prior  to  ascent  to  35,000  feet.  tHo  man-runs  v/ith  moderate  or 


fovcro  sy.’.^tons  '■oro  roducod  from  40;^  in  controls  to  20fe  a.r.d  following 
iho  flir^*ts  at  20  jOOO  c^id  lOjOOv  ■— nd  xncm  40jj  xn  con** 

trols  to  28^  follovTing  flights  at  27,500  fojt. 

S.  It  is  bolio’reid  that  tho  greater  rcd'action  ir.  syiptoras  following 

tho  10,000  and  20,000  foot  stepwise  ascents  as  cciap-red  'v/ith  that  fcllo’.ring 
iaio  27,500  foot  ascents  is  due  to  retardatio!i  of  denitrogenation  by  the 
for-iatior.  ox’  ':w.bblas  at  tho  latter  altitudo.  Boc^^uso  of  the  sli^tly  hi^or 
syiapto'j.  scOi't,  in  the  20,000  feet  flights  as  coLipared  vrith  tho  10,000  feet 
flir^ts,  in  spit*-  of  a  hi;^hor  alveolar  nitrogen  tension  at  the  latter  alti¬ 
tude,  it  *./on Id' appear  that  there  is  also  some  intci'ferenoo  \;ith  denitrogon- 
ation  by  bubble  foiTiation  at  20,0'}0  feet, 

4.  I?::eci;.:al  rate  of  dc-nitrogonation  v/ith  minhfial  oxygen  administration 
would  ■l.hure-foro  appear  to  bo  provided  by  dor.itrogonation  at  an  alti'fcudc  some- 
•ffhat  less  than  2C,0JC  foot.  . 

5.  PACojoiition  of  the  effieiency  of  do.aitrogonation  during  flights- 
and  the  effect  of  ''silent  bubble”  fcraiation  'a  decreasing  it,  appears  vrar- 
ranted  under  the  fcllm/inc  opei-ational  conditions, 

(a)  Ei^  altitudo  fligrit  preceded  by  periods  of  flight  at  lor/  or 

moderate,  altitudo.  ,  , 

(b)  Ei^  altitv.do  fxi:;^it  in  pressiiri.:ed  c^.bin  aircraft. 

6.  Those  results  suggest  that  tho  pi'ophylaotic  value  of  short  periods 
of  donitrogenation,  irmediately  prior  .to  .aseei.t,  vrarrants  consideration. 
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EE  SCOriJA’G  OJ  SETEFTI--  OF  DSCST?E5SI0>: ’SICSIESS . 


introduction 


Tt  is  rc-iilis-wd  tiiC'.t  r»  s’-si 


jf  scoring  tho-  severity  o-f  docca- 


prcGsion  sior.noss  vicvy  oe  usc-r-al  for  inToctigi.tivc  •vvork ' yet  bo  unreliable 
in  th'.  co.to -^oriaution  c.f  iven  for  op^rxtio’iiil  duties,  in  such  wclM:- as'  the 
v>vaiu'..tion  of  tlie  effect  of  n  drug  or  oth^r  factor  on  docouproBsioa  sickness, 
it  is  ftilt  that  the  synpton  score  should  be  related,  as  closely  as  possible, 
to  eticlo;^!-,  rather  than' to- the  degree  of  dr-nger  vrhich  that  s'j'nptaa  riay 
produce  in  opor-'.t.-.ons ,  for  exa).’.ple  •  jn  this  o  ota^.ection  there  trould  appear 
to  be  potential  value  ir.  the  sag-jestion  that  sj-riptor-is- be  scored  in  direct 
proportion  to  the  degree  of  descent  necessary  to  relievo  thcni.  Hoirevor, 
the  application  of  this’vfould  roqu-ire  further  investijgritio:.. 

The  following  i'aotors  are  recogr.izoa  and  './oighted:  (1)  Sevoritj^ 
of  syrvptcjasj  (2)  Ti-io  of  onset,  and  duration'  of  sycaptons;  (3)  Acuteness  of 
onset  of  nodorcte  or  ■  screro  syt-iptoms . 

Multiplicity  of  synj.ttQjas  is  not  scored  because  it  vrould  add  to  the 
ccriplf^xity ,  and  probably  increase:  the  accuracy  of  the  score  very  liutlo. 

Tho  score  of  the  sevi-rer.t  grade  of  syripta,';  only,  is  recopiised  -and  scored 
in  tho  case  of  nultiplo  syriptews ,  j[0  significaiioc  is- attached  to  location 

of  syT'iptoras j  this  factor  would  be'  inportant  i.':  scorin;,  for  oporaticnal  duties. 

severity  of  5o^;pto:,is 

■  •  De;?;re-e  •  fef  severity  of  sjc^ptorui  is  recorded  in  tho  usual  ■v.’ay,  a 

:."ild  sin xp to-::''  being  one  net  intor.feri:».g  v;ith  function;  a  noderr.to,  one  ■ 
which  intorferos  with  function,  but  is  tolerable;  and  a  severe  synptoKi,  one 
which  is  intolerofoie.  All  types  of 'syiptojus  arc  recorded  i.u  tiiis  vnxy.  if 
a  syn«.-)to:.i  is  accompanied  by  systouic  cfi'ccts  it  is  .scored  as  a  severe  synp- 
ton,  but  no  noro,  since  probably  :.iost  sevorw  synptons,  if  pwrnitted  to  pro¬ 
gress,  would  result  in  such  a  ccnditicn.'  It  is  suggestod-that  the  score 
of  nild,  nodurato  auid  severe  sj’up tons  be  weighted' in  the  ratio  of  1:3:5. 

It  is  judged  that  taiS  ratio:.  >epre3er.ts  approsinately  the  relative  signifi¬ 
cance  of  tho  3  degrees  of  synptocis .  Ho  distinction  is  made  between  iriOderato 
paiji  roquiri:ag  descent  ajid  modorato  paiii  not  requiring  descent.  If  descent 
is  ncco.^sary  then  either  the  pain  is  intolv.ro.blc ,  or  systoiaic  syuptoas  arc 
pro'sent,  and  therefore  in  both  cases  the  SjTip ton 'should  be  recorded  and 
scored  as  severe.  All  t;^c«  of  syaptcsis  are.  sobrod  in  the  ca'.o  vray. 

it  is  onphasized  that  syiptcjis  ■  only  a:id  not  signs  arc  recorded 
in  this  systoEi.  That  is,  only  the  eiTects  of  deoceu'rossion  which  cause 
acute  discenfort  cr  disability  are  included.  A  rash,  which  is  a  sign  in  the 
strict  sense,  would  be  neglectod  .in  the  scheiuo.  E're.u  though  such  a  sign 
nay  bo  considered  an  undesirable  nanifostation,  it'  occurs  so  rarely  that 
it  would  add  little  to  the  'Vilue  of  scoring  ir.  invest igativi-  vrork. 


Tii;ic  of  Onset  and  Duration^!  sjaiptori 

T}io  syvipton  aebro  is  estiviated  as  bwing  directly  proportional  to 


tho  tino  T^iich  it  is  present,  T- 


onset  and  duration* 
:)t’i 


T-ii-O  rucepniSv.s  e 
pcriccl  of  ti:!:ro^;  houre  liua 


for  scoririj^.  Tn  otlier  \:ordc .  if 
in  one  hour* 'he  is  scoi'-.u  on  the 


SUoJvOO 


;Sr. 


:)T;r.  luouors  ox  ox 

boo:.,  'xdoptob  C.S  the  basis 
ils  b--.oar'Sc  of  severe  vain 
th^.  oain  vxculd  roxiaiu 


severe  until  the  of  the  'bhird  ho'ur,  if  a  fli:^it  lasted  only 

toe  hours,  the  deyree  of  sevv^rit;  ’  ef  a  s^eoptexi.  at  that  tine  is  assunod  to 
continue  lUxtil  the*  end  of  thw  thix'd  hcoir,  .cued' so  on.  Thu  rationale*  for  the 
a-dontion  this  thruo-tieur  pt-riod  is'fAS  follra^s. 

•  It  hda  b-von  f cuiid>  tho.t  practicail;’*  .all  s^-Tiptons  begin  during 
the  first  three  hours  of  an  e:cposui"o  .  •  Rox-iological  studies  by  Evelyn  of 
free  gas  in  the  joints  also  shcfvx  that  the  bubv-les  roaehod  a  noxirxal  size 
in  about  throb  hours,  on  thecrutical  :_*rou:ids  top,  Bazett  ot  al,  hr.x'X;  ar¬ 
rived  at  tho’  conclusion  that  if  a  subj....c.t  escapes  sp^aptcixs  for  three  hours 
at  55,000  foot,  ho  has  b'^en' r:bl*w  to  dor;itrogenate  to  a  nitrogen  tension 
ICT/^r  than  that  which  they  calculate  xs  necessary  to  produce  syxiptons  r. 

This  nethed  of  scoring  syaptens  on  tne  basis  of  tine,  froxi  onset 
to  the  orid  of  a  ‘total  exposure  of  thr^..e  hours  nay  bo  criticized,  because 
this  adopted  period  is  partly  theoretical.  a:id  xiay  vdry  cojisid^rably  v/ith 
individuals.  There  would  .oeypear,  ]\cp:Tov\.,r ,  to  bo  gr-^ater  cbj«^ctions  to  the 
us'c  of  cni  alternative  nethod  of  basing  the  scprtx  on  the  tiivio  fmi  ‘hho  begin¬ 
ning  of  tho  exposure,  to  onset  of  svr.ptxvas  irresp^.ctix’-e  cf  the  length  of 
the  oxposu'iro,  in  a  long  exposure  'of  12  hours,  for  ^xoiiip-le,  a  resistant  nan 
would  receive  four  tinxes  as  gru^.t-a  score-  as  . one  yxho  ccnplctcd  a  three- 
hour  exposure,  by  tho  lo.ttor  nothod,  althoinji  they  may  bo  of  equc.l  rcsis- 
tanco;  froodor.L  frau  sj/nptcus  during  the  latter  part  cf  a  long  exposure  is 
of  little  siguificance  bv..causo  cf  tho  rv.asons  stated  above.  the 

latter  nethod  vrculcl  not  provide  fer  the  acorii-g.of  rogro^a  Cxpn  of  SJ-TlptOMS  . 
Finally  it  would  not  bo  possible  to  vrci^jlit  tho  score  of  t-n  ir.dividuc.1  -iovcl~ 
oping  ■  s;T:aptoi:i8  suddenly  near  tho  borj.i:.:.ninj  of  an  orepesure ,  bolow.) 

ii-cutonoss  of  Onset  cf  Syniptou  ^  ; 

It  is  agrood.  that  tho  suddon  onset,  cf  .iiodoratc  or  sovorc  do;irv-o 
of  syuptoia  justifies  extra  woiijhtiiig.  It  is  realised  that  in  oporaticr.s 
the  suddon  o:*;SCt  of  soTcrc  pain  nay  bo  raany  tiXiO.s.npro  iriportant  than  thext 
of  a  pain  with  a  gradual  onset,  bcoauso  of  thc/incv.,-a3od  dan<;ior  of  less  of  . 
control  of  the  craft -or'  of  vuluorabUity  to.-.ouony  o-ction  i’eighting  cf  this 
quality  for  investigative  v/erh  is"  boli-.vod.. tc  be  dess  inportant.  k- oping  in 
laind  tho  cause  of  the  s^n.'tptci.;,  it  i.s  au.;-.v;estcd  that  aoutoncss  of  onset  bo 
recognized  by  assur.iing  that  al’l  s’cvoro  sv?.'.;;  teas  arc -pro  cedad  bj'-  one -half 
hour  of  uodorato  dogreo  caid  ono-half  hour  cf  .'.lild  deyroc  of  synptor.'.s ;  sirai- 
larly  it  rmld  bo  assuiiod  that  all  r.'iodcro,to  s^^otous  are.  procedod  by  one- 
half  hour  of  mild  synptoias,  if  ..s&vvro  and  noclorato  sj/xiptorio  arc-,,  hov.wver, 
preceded  by  mildor  degroos  of 'synptomh  101..;;  .unou'^T:  to  redre  the  sy.iptct.i 
score ’groat or  tliai:.  "tl'c.t  obtained  u^Lng  Ad:o  .a..’OVQ  .assui’ipticns  regarding  onset, 
thou  that  greater  score  v/ould  bp  adq^ted.  '  periods  v;oro  chosen  bucausc 

cxporiuHco  has  shov/n  that-  tlxoy  are  roas-Oiaablc  p/.;riods  in  y/hich  such  incroasos 
in  severity  :.niy  tahu  place ;  and.  arc  uso^l  .rron  thragh  ?.  sovoro  s:i,a\ptor'.  ie 
preO':.st  as  soon  an  tho  altitufio  Is-  rvx..ohou:.  .  Tf  a  syart^'x  dis  ;  ^xrs 

V-d  ’Xwxi  roappoars  c.ndvl-:c;  - .oc  cuud'^uly  h-JVoH/,  blio  aoutvi:^ 

0^*  ouBci#  ofithc  lattor  sjVapton  is  Ob.loul.xtou  li.vui/.}^;b>xidw.ntiy  oi*  tlio  forxior 
tticaytaa,  althcu^  tho  score  cf  the  fomer  s^viptoia  is  included  in  tho  total 
score. 
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calculation  cf  scoro 

The  sj'i'iptan  score  is  calculated  as  t.'.iO  product  of  tlio  severity 
■VTcij^tin^  (1,  3  or  5)  and  the  duration  of  the  sj'r.xptcs.ia  ir»  I'.inutos.  Tf 
laodoratc  or  severe  sjmptcar.s  have  a  sudden;  onset  tliu  follcwiiig  scores  are 
added  (see  last  section). 

Sudden  gevero  sjuptcois  -(30  n  1)  *•  (30  x  3)  »  120 


Sudden  noderatc  syraotcs  is 


-(30  ::  1) 


*^on  total  synptoni  scores  before  tii’.e  of  onset  of  severe  or  nodcr- 
ate  decrees  of  synptons  e.ro  less  than  120  a:.d  30  respective ly»'  then  these 
syi’ptons  arc  feco^nizod  as  havin.^  a  sudden  or.seii  and  these  quantities  aro 
added  as  described  above,  if,  howe'«/er,  tlio  previous  scores  aro  greater  than 
those  quantities,  then  these  actual  larger  scores  are  usod- 


The  illustrations  below  demcnstratc  the  socrin!;  method  sug'^ested. 


severity  |  3 

Wei^tiag  I 


(;-)  Mild  s^TaptoK  hegiiming  at  100  mins, 


0  • - 


;  z  i 

: 


Koderate 


Severe 


n  120  '• 

«  140  n 


Dum-ticn  symptam 

- -  '■  » 

Dotted  lines  «  extra  score  for  sudden 
onset. 


g. - 


Separate  scores  are  1  x  20^  3  x  20  and 
40  X  S  B  20,  60,  and  200.  20  60  5  60 

Since  this  is  less  than  120,  the  onset 
is  sudden  and  120  is  added  to  200. 
fotal  score  m  200  4  120  b  320. 

(b)  Modej^te  symptou  at  60  minutes. 


Kiid 


"  120 


./y 


Separate  scores  are  (60  x  3)  4  30  (sudden  onsel 

4  (60  X  1). 


^  '  ■■  ‘I  z'  Zry  Total  score  b  180  ^  30  4  60  s  270 

eb  1^6  180  (®)  Mild  symptom  beginning  at  0  minutes. 


moderate 


Severe 


"60  » 

"120  " 


separate  scores  are  flO  x  1,  60  x  3  and 


60  X  5  «  60,  180,  and  300. 

60  is  greeter  than  30,  and  is  therefore 
adopted  as  score  for  mild  stage.  60  t  180  • 
240  which  is  greater  than  120. 

Total  score  is  therefore  240  4  300  ■  540. 


120  180 


5 


rity 


(6.)  Koderute  sj'nptosns  beginning  at  60  nlns. 


Sc-yere 


<1  120  " 


!•! 


//^/\ 

/  y  y  y  y\ 


soncvrate  scores  s  (60  x  3)  4-  50  (sudden  onset) 
//  1  4(60x5). 


Duration  synptoiu 

- > 


'  se  210  1-  300. 

210  is  greater  than  120,  therefore  Tinal 

f  I 

score  u  *.^>10  ^  5O0  s  510* 


(o)  sj^iiptoris  uogixmixxg  sxt  10  mizxu'tcSi 

jfo  symp'toins  at  20  minutes, 
gevorc  svn'iptoms  c*t  120  niinutCB# 


/  ^  A  gevoru  vrunio 

/^  /  /‘i  Sepairato  scores  x  10  x  1,  60  x  5,  120 

/ /  . !  "  (sudden  onset  weighting) 

y  /  /  f 

**  y  \  Total  Sooi’O  s  10  *•  300  +*120  m  430 . 


Tt  would  not  matter  greatly  iihether  the  area  abo^  or 
severitv  tracing  were  used  ae  the  score,  if  one  area  is  knoim,  »e  oxmt 
may  be  Lterminfd  by  subtracting  the  known  froi;^ 

indicate  decree  ot  rosistanoo,  -.jhwroas  the  aroh  bolosr  would  iad^^  degree 
of  euscoptibiilty.  A  disadTaatago  in  using  tho  ftppor  aroas.  is  that  ' 
•Tuluo  would  bo  noj^.tiTO  in  rdre  cases  ’^.cn  severe  symptame  occurred  at  the 

beginning  of  a  fli^t. 


(control)  I  ono  Hour  at  20,000  pout 

TWO  Hours  at  55,000  pcot  !  Ti7o  P’oure  at  SSPOO  i!s:;ot 
oct  Syi’iptoni  "[Avorago  | 

S.coro  ; .  S.o we_  ]|  Date 

.1 
,1 
.1 
.r 
1 
.1 


11 

12/11  j  6S0  I 


143  I  217 


I 


2  j  5/11  ■  0 

11/11  570 

16/11  0 

^ _ 2J-AI  J-  JL5,6 

7(^1  Average  soorea 


Avenge  S.oore 

^ooro 
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